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Corrosion mechanism of zirconia/graphite SEN by molten steel and slag
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Abstract Corrosion mechanisms by molten steel and slag were investigated in the zirconia/graphite composite as a
material of submerged entry nozzle (SEN) using for producing high quality steel. Most of corrosions were started by
the dissolution of zirconia particles into molten steel and oxidation of graphite, but subsequently three modes of corrosion
were observed. Firstly, the penetration of slag into zirconia matrix was induced to the diffusion of stabilizing agent
outward cubic zirconia grains, and the destabilization of cubic to fine monoclinic zirconia particles, which is enhanced to
the decomposition and dissolution of them into slag. Secondly, molten slag penetrates into large cubic zirconia particles
along grain boundary, and decomposed them to fine cubic grains, which is also enhanced to the dissolution of zirconia
grains into slag. Lastly, reaction between carbon and cubic zirconia was formed porous ZrC and enhanced the dissolution
of it into slag.
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Table 1
The properties of zirconia/graphite product

Chemical composition ZrO, 75 wt%
C 21wt%
Ca0 3wt%

Apparent porosity 18.0 %

Bulk density 3.5 (g/em)

MOR at room temperature 110 (kg/em®)

Thermal expansion at 1000°C 0.43 %

Table 2
Chemical compositions and properties of mold powder and
slag

Compositions & properties Mold powder Slag

Ca0 37.25 38.38
SiO, 31.21 34.14
ALO; 6.14 9.71
Na,O 4.55 -
K,0 0.22 0.02
F 6.70 -
Li,0 1.40 -
MgO 0.62 11.81
TiO, 0.28 0.94
FeO 0.40 0.68
CO, 6.80 -

C 5.87 -
Bulk density 0.83 -

Ig. loss 12.31 -
Base ratio (Ca0/SiOy) 1.19 112
Softenig point (°C) 1128 -
Melting point (C) 1150 -

Viscosity at 1300°C (cps) 2.03 -
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(a) (b)
Fig. 1. Schematic diagrams of the corrosion process
on the zirconia/graphite composite; (a) initial stage and
(b) final stage.
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Fig. 2. Scanning electron micrographs of zirconia/graphite

composite corroded by the process of CaO separation and

destabilization in cubic zirconia particles; (a) cross section

of corroded zirconia/graphite composite and (b) tranformed
fine monoclinic zirconia particles.
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Fig. 3. Energy dispersive specroscopy (EDS) profiles on the points indicated in Fig. 2 (a); (a) point S, (b) point M, and
(¢) point C.
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Fig. 4. (a) Scanning electron micrograph of zirconia/graphite composite corroded by the separation process of large cubic
zirconia particles by the penetration of molten slag along grain boundary, and (b)-(d) EDS profiles on the points Z1, 22, Z3
indicated in Fig. 4 (a), respectively.
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Fig. 5. Scanning electron micrographs of zirconia/graphite composite corroded by the process of the porous ZrC formation,
and the reaction between ZrC and molten slag; (a) cross section of corroded zirconia/graphite composite (b) A area, (¢c) B
area, and (d) C area magnified in Fig. 5 (a), respectively.
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Fig. 6. Energy dispersive specroscopy (EDS) profiles on the point indicated in Fig. 5 (b); (a) point Al, (b) point A2, and (c)
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Fig. 7. X-ray diffraction pattern of zirconia/graphite com-
posite sintered at 1600°C for 1 h in nitrogen atmosphere.
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